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REMARKS 

Claims 1-39 are pending in the present application and were rejected on various grounds 
in the Office Action mailed on January 30, 2004. Applicants appealed and the rejections were 
upheld by the Board in a Decision mailed on November 7, 2005 and a Decision on Request for 
Rehearing mailed on February 23, 2006. 

Claims 1 and 36 are amended herein to specify that the ALD reactions take place at a 
temperature of 150 to 400°C. Claims 1 and 27 have been amended to indicate that amorphous 
films are deposited. Claim 28 has been amended to indicate that the deposition temperature is 
from 100 to 400°C. The amendments are fully supported by the specification and claims as 
originally filed, for example at page 4, lines 22-23 and page 8 line 31 through page 9, line 4. No 
new matter is added by the amendments. 

Claim Rejections Under 35 U.S.C. §103 

Claims 1-39 stand rejected under 35 U.S.C. §103(a) as unpatentable over DiMeo 
(U.S. Patent No. 5,972,430) in view of Kirlin (U.S. Patent No. 5,453,494) and/or Maiti (U.S. 
Patent No. 6,020,024). In particular, the Examiner found that DiMeo discloses a CVD method 
for forming multi-component oxide layers and that DiMeo describes ALE as an equivalent 
variant of CVD. While DiMeo does not teach or suggest cyclopentadienyl precursors, this 
deficiency was found to be made up for by Kirlin. 

The oxide thin films produced by the claimed methods do not grow epitaxially and the 
films are annealed after deposition in order to obtain the desired crystallinity. Examples 1-3 each 
discuss annealing at a temperature of 500°C to improve crystallinity. In order to clarify this 
feature, independent Claims 1 and 27 have been amended to indicate that amorphous films are 
deposited by the recited ALE methods. In addition, Claims 1 and 36 have been amended to 
specify that the atomic layer deposition reactions take place at a temperature of 150 to 400°C, 
while Claim 28 has been amended to indicate that deposition takes place at a temperature of 100 
to 400°C. These temperature ranges are low enough that epitaxial deposition does not occur. 

Applicants note that the use of the term "atomic layer epitaxy (ALE)" in the present 
claims does not indicate that the films are epitaxially deposited. While thin films can be 
deposited epitaxially by ALE, this is not always the case and is not implied by the use of the term 
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"ALE." Rather, the term "epitaxy" was originally used in the term "ALE" to indicate that the 
films are "arranged" on top of one another, as described in an article by the principal inventor of 
ALE, Dr. Tuomo Suntola in the article "Atomic Layer Epitaxy" on page 266, first paragraph (T. 
Suntola, 1989, "Atomic Layer Epitaxy," Elsevier Science Publishers, Amsterdam, pp 261-309, 
excerpt attached). More recently, the term ALE has been replaced with the term atomic layer 
deposition (ALD), which more accurately reflects the fact that epitaxial deposition is not 
necessarily achieved. Again, the fact that claimed methods do not provide for epitaxial 
deposition is confirmed by the present specification, which discloses deposition of amorphous 
films (pages 8-9, carryover paragraph) and subsequent annealing to improve crystallinity 
(Examples 1-3). 

On the other hand, it is clear that DiMeo is focused on truly epitaxial deposition 
processes. For example, at column 3, lines 44-46 and column 4, lines 1-12, DiMeo states that 
one of the objects of their invention is to improve oxide properties by enhancing crystallinity. 
Enhanced epitaxial deposition is also referred to at column 6, lines 1 7-29 and is inherent in the 
formation of high k films (column 7, lines 8-11). Further, DiMeo does not teach or suggest a 
post-deposition anneal to improve crystallinity. Thus, to the extent that the passage cited by the 
Examiner and the Board in support of the current rejection suggests an ALE process ("chemical 
vapor deposition (CVD) methods and related epitaxial deposition methods, such as but not 
limited to atomic layer epitaxial (ALE) deposition methods, are in turn presently of substantial 
interest"), the suggestion is limited to true epitaxial ALE processes. There is no teaching or 
suggestion related to non-epitaxial deposition processes. In addition, because DiMeo is 
concerned with epitaxial deposition, one of skill in the art would not be motivated to optimize 
the film deposition temperature in the claimed range, as it would lead to non-epitaxial deposition 
and thus run counter to DiMeo's stated goals. 

Consistently, the deposition temperatures disclosed in DiMeo are high enough that the 
films grow truly epitaxially (as crystalline films) on the substrate and no post-deposition 
annealing is required. As a result, there is no teaching or suggestion in DiMeo of atomic layer 
deposition reactions at the claimed temperature range or that would produce amorphous films. 

Applicants' recited temperature range is unobvious over DiMeo because it would not 
have been considered appropriate for epitaxy. DiMeo has no teaching or suggestion of atomic 
layer deposition processes at the claimed temperature range or of deposition of amorphous films. 
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Furthermore, there is no indication in any of the asserted references that the recited precursors 
would be useful at the recited temperatures. These deficiencies are not made up for by any of the 
secondary references. Accordingly, Applicants request that the present rejection be withdrawn. 

CONCLUSIONS 

In view of the present amendments and arguments, Applicants submit that the pending 
claims are in condition for allowance. If some issue remains that the Examiner believes can be 
addressed by Examiner's Amendment, he is cordially invited to telephone the undersigned for 
authorization. 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: April 24, 2006 By: 




Andrew N. Merickel 
Registration No. 53,317 
Attorney of Record 
2040 Main Street 
Fourteenth Floor 
Irvine, CA 92614 
(415) 954-4114 
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This review discusses the development and present status of atomic layer epitaxy (ALE) a 
technology for growing layers of crystafiine and poIyc^staUine materials one atomic layer at a time 
Atomic layer epitaxy was originally developed to meet the needs of improved ZnS thin films and 
dielectric thin films for electroluminescent thin film display devices. Accordingly, early work on 
ALE was mainly earned out for thin films. During the 80s there has been a growing interest in 
applying ALE in the growth of sin S le crystals of III-V and II-VI compounds and ordered 
heterostructures such as layered superalloys tod superiatuces. ALE has also been extended to the 
growth of elemental single crystals. A basic advantage of atomic layer epitaxy is in the increased 
surface control of the growch. This is achieved by combining a sequential reactant interaction with a 
substrate at a temperature which, prevents condensation of individual reactants on the growing 
surface. This results in a stepwise process where each reactant interaction is typically saturated to a 
monolayer formation. Accordingly, the rate of the growth in an ALE process is determined by the 
repetition rate of the sequential surface reactions, and the thickness of the resulting layer is 
determined by the number of reactant interaction cycles. This self-controlling feature of atomic 
layer epitaxy ensures excellent uniformity of the thickness over large substrate areas even on 
non-planar surfaces. Owing to its principle of operation, ALE is especially suitable for producing 
layered structures of III-V and II-VI compounds. Superlattice structures of both these material 
groups have already been demonstrated. As a limiting case of superiatuces, layered superallovs have 
also been grown. In ALE, chemical reactions producing a material, are divided into separate 
subreacuons between a vapor and a Solid surface, each of which results in a new atomic layer of the 
matenaL From the theoretical point of view ALE offers a unique link between theoretical and 
experimental chemistry by permitting direct observations of subreactions under conditions where 
the chemical environment is more precisely determined than in conventional continuous reactions 
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1. Introduction 



Atomic layer epitaxy is a method for woducin* thm f? w ^ . 
atomic layer a, a to, uahiing . ^ZZTot^^Z^i^fl^ ° ni 
conventional terminology, ihe term •worn" K 7i saturating surface reactions. In 
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^arrangement" 0/ atomic layers is obtained by seaucnria^v cT^n ^ 1 conIrolkd "°" 
Atomic layer epitaxy was originally develop^ ul * ? f °° ndi,io ^' 
and ^ic thin f^ for T"" 

was directed towards thin £ ^Jtt^ ^' ^ 

materials was limited to a few II- vi m ™„„„j. . " .™ ""S" substrates. The selection of 
of the growth was limited » thel n „o?of ™ SCie " dfic work ° n < he ™**«usm 
The basic mechanisnfoi 'M F / f P™"«»g Of the thin films mentioned. . 
growth that is t L 1 m ° n0layH ' ° nt ° th < a rate of 

per cycle with different dosing at differen t ^nperal!n-es m P * 7 ° b,Mmn S * e S™"* 

*e growing surface in v^or ^."^ ™ "J** » 
monolayer to a bond 4h ££3^7 a™«' £ 
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2Zn + S 2 - 2 ZnS 
fa) 



Surplus Zn — 



iif 



ZnCI. 




ZnCI 2 + H 2 S - ZnS + 2HC! 
(b) 



Fig. l. ALE premu roc 2nS . (a) ^ rcacianis _ (b) ^ % ^ ^ 
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